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Estimated matter-energy content of the Universe

» Strong evidence that dark matter (DM) exists.

» LHC searches complement evidence from direct —_—

Dark Matter

and indirect detection.
¢ Can actually produce DM mediators.

68.3% P orcinary
Dark Energy Matter

> Invisible decays of the Higgs boson, are good
way of searching for new physics. ©atLas

Indirect Detection

» Higgs boson could be a mediator between SM
particles and ones that belong to the DM
sector.

Mediator

Direct Detection

Collider Searches
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VBF+MET Analysis

data sample: L=139 fb™* of pp collisions at /s = 13 TeV

Invisible decays of the Higgs boson: Previous analysis result: (link)
BSM . 0.1% vs. BESM . 10% = Limit on By_snv: 0.37 at 95% CL.
, Changes and improvements:
q . L
q X = Relaxed selection criteria on mj;,
v H A’I]jj > 3.8 and Aq)_u
it H = WIMP i . .
v (ef: H= ) = E7® > 200 GeV slightly increased
! ;X g St i
q Multijet bin i
= powerful topology: VBF 4+ MET 20] [T H
= signal: VBF, ggF B | & o g
= main background: V+j, QCD /Vm K
[ .
The experimental signature: pa L
= pair of energetic jets " o el
« wide gap in 7; Improvements efficiency:

Better S/B ratio for selections with larger

= large invariant massess mj; m+ and smaller Ad
g gl
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Results Interpretation

Results: Interpretation:
. . Upper limits on the SI o wimp—nucleonusing Higgs
Postfit results of all SR and CR bins. portal interpretations
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= good agreement of expected background 10

yields and observed data 1%L

107% )

(s=7TeV, 45-4.7 fb”

= set an upper limit on the By_,in, of 13%.

WIMP-nucleon cross section [cm?]
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= EFT approach for VDM used in run—1 B Ko o B zm mamaL 4 154
10 gaggﬁy(smm T
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= Objection on EFT approach Phys.Lett.B.2014 10 CoNS S el e | ©
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= Support of EFT approach Phys.Lett.B 805 ]
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= UV radiative Higgs portal model JHEP 04 ! 10

WIMP mass [GeV]
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Objection on EFT, 1st UV model
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ALy = amBV V4 S AV VAR 4 SNy HTHV, Y S g G=13Tev 138f" -
2 4 4 5 Alllimits at 90% CL = -=="""" "Higgs Portal models:
£ - —— Scalar WIMP
e  EFTapproach has Only 2 parameters: E 105 @:.:;::ww
& < f
____________________ é
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+ Arguments:
o EFT Lagrangian has m, entered arbitrarily = need a UV 1075
model:
®  Vbelongs to a U(1) gauge group i | 7 0 v
w  Need a dark Higgs sector with spontaneaus ;
symmetry breaking to generate m,, 107 1 10
© =2 additional parameters: mass of the new scalar (m,)

‘ls‘ mixing angle («) with the SM Hiogs. ® Scenarios: 0=0.2, scan through m2 :0.01 ,1000 GeV.
Lypm = — 3 ViV + D, D0 @ — A..,((lml, -
. B ,.-;‘) (”_H . .-:,)‘ ' + Limits ranges in many different orders of magnitude
o [Ifcos(a)~1 and m2>>m1, recover EFT prediction
FuII model\ Cross section e Conclusion: With different m, and e, full model limit
R eeredmiF (mom. {mi}. v) can be very different in many order of magnitudes
compared to EFT one.
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2nd UV model, Reanalyse EFT

1 : .
- iy LSM tril
E= 59;11‘.' (Haco—Hy9) V,VF+ =i (Hisy—2H, Hospeo+ Hych) V, VP4 LM+ LT
104
. H1:  the 125GeV SM-like Higgs boson. E 0@ By, <0.11 PR ‘mm‘ i T
. H2:  the additional DM scalar state E Al limits at 90% CL o eo-= " igas Ponsl madels
e uyv: DM mass. ?L 105 cemm Vahiaravup
. the new gauge coupling b§
104
e Viable limit from EFT as of the renormalizable model
in large region of its parameter space. 1047 =
o o ocor DUt i 2 LY o
2 , 18y 200 Ge)
(081),, = sou3, My BRE - VT 1 my AP 107 Cmas EEe
! EFT P M_,‘; Bvr M4 ¥ ‘ L L L 3
107 1 10 10°
: 1 1 Mige [GoV]
st 2 4
(*’Vp)m, (U‘yp)gpf' cos™ () My ( ME M2 ) ¢ The Higgs—portal with a vectorial DM state could
- i represent a consistent EFT limit of its simplest UV
e Recover EFT prediction in the limit: completion, dubbed dark U(1)" model.
e EFT approach could represent a viable limit of the

cos? 0 M} (1/M2, — 1/MZ)?
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Additional fermion UV model

£o —im..,v“” + (D, @) (D4) — V(@) + Ap [HF|D

1L D —m € (Prax 16 + PaaX2s) — Ttn NyA2
Fermion terms :

Yy € (L1aHyny + Vo Hyna) — yy (i H'ng + x2H'my) + hec.

* Available model constraints:
+ Phase space we used: o mV<mH/2
o mf>mH/2

=  the simplified case: o 0<g,y<4rand0<giy<40

B <<l
m  charged fermions & 2 heavier neutral o o
states’ masses >> the lightest neutral state %  Require an uncertainty 1(0.1)% on rinv
mass ==> decouple. < 107 T T T T T T
2 40 _ 1
> Model has no direct relation between GS'M and wg 10 fs=13TeV, 1390
l"mV = explore the minimal parameter space: mv, ¢ Y
mf, g,y 1
L] Vector mass, fermion mass, U{1)’ coupling, Yukawa 107
coupling of the added fermion to the SM Higgs o D UV-model-3
10 — EFT
%+ We need to find (mv, mf, g, y) satisfying BR, = 11% 10
(current limit) ATLAS-CONF-2020-008 10
>  use the entire scanned phase space for .
(mf.g.y) 1
107 L n 1 L L L

L
70 20 30 40 50 60
. m
«  [EIEE coarse scan with a step of 0.1 for g, y. Uncertainty 0.1% onT =~ "
. ine scan with a step of 0.01 for g, y. Uncertainty 1% on T' |
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Proposal

e 3 different models are presented:

o

o

Calculated XS at UY seems to use approximation in 1st
and 2nd models
Complicated XS caleulation in 3rd UV model

e EFT is viable even though being opposed for

diverse limits at UV

o Proposals for the vector DM interpretation
in the DM overlay plot:

e]

Re-introduce the EFT with the the new form
factor uncertainty, since EFT is supported by 2nd
UV model and is the same in all the models, and
same calculation as in Runl.

Include the UV lines/bands (best and worst
limits) for the 1st model, and also for 3rd models.
Add the sub-GeV domain.
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"We submitted this work (link) as a white
paper in the Energy Frontier of Snowmass”
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